Background
==========

Total knee arthroplasty (TKA) has been proven to be the most effective treatment for patients with end-stage joint disease.[@b1-tcrm-14-1719] Although periprosthetic joint infection (PJI) is not a common complication of TKA, it is absolutely one of the most catastrophic. The incidence of PJI has been reported as 0.4%--2% after primary TKA.[@b2-tcrm-14-1719] In order to prevent PJI, it is necessary for orthopedists to identify surgical contraindications. Studies have shown that several demographic factors and comorbidities are risk factors for PJI after TKA.[@b3-tcrm-14-1719]--[@b5-tcrm-14-1719]

Erythrocyte sedimentation rate (ESR) is a nonspecific hematological test used as an indirect parameter of increased acute-phase reactants,[@b6-tcrm-14-1719],[@b7-tcrm-14-1719] and C-reactive protein (CRP) is an acute-phase protein that is synthesized by the liver within 6 hours of the onset of inflammation.[@b8-tcrm-14-1719],[@b9-tcrm-14-1719] Both are simple, inexpensive, and readily available tests in clinical practice in the diagnosis of PJI and treatment efficacy of PJI by monitoring the trends. ESR/CRP combinations are cost-effective and accurate screening tools to rule out PJI in the postoperative periods.[@b10-tcrm-14-1719],[@b11-tcrm-14-1719] Normal trends of postoperative ESR/CRP following TKA have been well studied.[@b12-tcrm-14-1719] However, the literature about preoperative abnormal ESR or CRP prior to TKA is limited.[@b13-tcrm-14-1719],[@b14-tcrm-14-1719] Except for physiological factors, some diseases commonly cause obvious changes in preoperative ESR and CRP levels, including trauma, urinary tract infection, hepatitis, malignancy, and inflammatory disease.[@b15-tcrm-14-1719]--[@b17-tcrm-14-1719] Furthermore, several studies have revealed that ESR and CRP are slightly increased in knee osteoarthritis (OA) compared to knee non-OA patients.[@b18-tcrm-14-1719],[@b19-tcrm-14-1719] However, most orthopedic surgeons do not obtain preoperative ESR and CRP as a baseline to help evaluate potential postoperative surgical site infection. It remains unclear whether these patients with higher preoperative elevated serum inflammatory markers are more vulnerable to PJI after TKA.

The study aimed to investigate the prevalence of pre-operatively elevated serum inflammatory markers and to evaluate whether they are associated with PJI in patients with OA following primary TKA.

Materials and methods
=====================

From January 2010 to May 2014, 3,796 consecutive patients (4,216 TKAs) were scheduled during the study period. Patients with comorbidities that caused elevated ESR and CRP were not included, including inflammatory arthritis, posttraumatic arthritis, autoimmune disease, hepatitis, renal disease, respiratory tract infections, urinary tract infection, and malignancy. Patients with previous surgery on the index knee, previous arthroplasty history, or bilateral knee OA were also excluded, resulting in 3,376 patients (3,376 unilateral TKAs). Among them, 140 patients with elevated preoperative serum markers were identified: 108 patients with elevated ESR or CRP and 32 patients with both elevations. For each case, we randomly assigned 1 control patient with normal preoperative ESR and CRP by age (±5 years), sex, body mass index (BMI; ±1 kg/m^2^), and year of index surgery (within 1 year). All patients were followed up for at least 1 year or until infection. This study was approved by the ethics committee of General Hospital of People's Liberation Army, and written informed consent was obtained from the subjects.

Venous blood samples were obtained preoperatively at the day of admission. We used the Westergren method[@b20-tcrm-14-1719] and nephelometric immune assay[@b21-tcrm-14-1719] to determine ESR and CRP, respectively. Elevated ESR was defined as \>30 mm/h,[@b22-tcrm-14-1719] and elevated CRP was defined as \>10 mg/L.[@b23-tcrm-14-1719] If both ESR and CRP were elevated, an Infectious Diseases physician was consulted for evaluation of potential infection in the patients. Routine urinary analysis, anteroposterior chest radiography, and blood cultures were examined for those patients. None of these patients had any sign of infection at knee joints. The clinical records of these patients were manually reviewed in detail to extract relevant information that included patients' demographic data, diabetes, smoking status, prior joint infection, and anesthesia type. Current smoking was defined as patients who had smoked within 1 year.

Operation
---------

All patients received primary TKA in our hospital using a standard surgical technique. Preoperative antibiotic was administrated with 1 g of first-generation cephalosporin within 1 hour before skin incision. If patients have allergy to cephalosporin or penicillin or a high risk for methicillin-resistant *Staphylococcus aureus* colonization, 1 g of vancomycin was administered within 1 hour before skin incision. Redosing of preoperative antibiotics was considered in patients with body weight over 80 kg. The straight central skin incision and medial parapatellar arthrotomy were used with a tourniquet set up at 250 mmHg. Femoral, tibial, and patellar components were fixed with a handmade antibiotic-loaded bone cement. The deep fascia was repaired with \#2 Quill (Depuy, Raynham, MA, USA) absorbable sutures and subcutaneous tissue was closed with simple interrupted \# 2-0 Vicryl (VCP751D, Depuy) stitches with the knee at 30° of flexion. The skin was subsequently closed with a staple. Postoperative antibiotics were prescribed for \<24 hours (given every 8 hours for 3 times). A wound drain was routinely used and removed on the first 24 hours after surgery.

Definition of PJI
-----------------

PJI was defined by the International Consensus Meeting in 2013.[@b24-tcrm-14-1719] A definite PJI is present when: There is a sinus tract communicating with the prosthesis, orA phenotypically identical pathogen is isolated by culture from 2 or more separate tissue or fluid samples obtained from the affected prosthetic joint, orWhen 3 of the following 5 criteria exist: 1) elevated serum ESR and serum CRP; 2) elevated synovial white blood cell count, or ++ change on leukocyte esterase test strip; 3) elevated synovial polymorphonuclear percentage; 4) positive histological analysis of periprosthetic tissue; and 5) a single positive culture.

Statistical analysis
--------------------

Categorical variables were presented as frequencies and percentages, and continuous variables as means and SD. The clinical characteristics between groups were compared with the use of the ANOVA test for continuous variables and the chi-squared test for categorical variables. The effects of preoperatively elevated serum inflammatory markers on the development of PJI were evaluated with the use of Kaplan--Meier curves. Differences in the cumulative PJI rate were assessed using the log-rank test. HRs and 95% CIs for risk of PJI were estimated with the use of Cox proportional hazards models. Adjusted HRs for the development of PJI was expressed in a multiple Cox regression model after adjusting for age, sex, BMI, diabetes, smoking, prior joint injection, and anesthesia type. A *P*-value of \<0.05 was considered significant. All the statistical analyses were performed with the statistical software packages R (<http://www.R-project.org>, The R Foundation, Vienna, Austria) and Empower Stats (<http://www.empowerstats.com>, X&Y Solution, Inc, Boston, MA, USA).

Results
=======

The demographic data (age, gender, and BMI) did not differ significantly in 3 groups ([Table 1](#t1-tcrm-14-1719){ref-type="table"}). Diabetes, smoking status, and prior joint infection prior to TKA were similar between 2 groups. The mean ESR and CRP levels were significantly higher in the both high and either high group compared with normal ESR and CRP groups (*P*\<0.001). Patients with both high preoperative ESR and CRP were prone to have regional anesthesia (*P*=0.021). The mean follow-up after TKA was 43.7±11.7 months (range 24--64 months).

The prevalence of preoperatively elevated inflammatory markers was 4.1%. The overall rate of PJI was 2.14% (6 of 280). The PJI rate was 0.7% (1/140) in the both normal ESR and CRP groups, 0.9% (1/108) in the either high ESR or CRP group, and 12.5% (4/32) in both elevated ESR and CRP groups ([Figure 1](#f1-tcrm-14-1719){ref-type="fig"}). Patients with preoperative either high ESR or CRP did not have an increased risk of PJI in univariate and multivariate analyses ([Table 2](#t2-tcrm-14-1719){ref-type="table"}). However, patients with preoperative elevated ESR and CRP had a significant risk of PJI compared to those with normal preoperative ESR and CRP (HR: 18.5, 95% CI: 1.86--184.1, *P*=0.013) after adjusting for age, sex, BMI, diabetes, smoking status, prior joint injection, and anesthesia type.

When stratified by the groups, the cumulative rate for PJI was 0.7% (95% CI: 0%--2.10%) at 1 year and at 5 years for normal ESR and CRP groups, 0% (95% CI: 0%--0%) at 1 year and 1.22% (95% CI: 0%--3.57%) at 5 years for either high ESR and CRP group, and 6.3% (95% CI: 0%--14.27%) at 1 year and 16.5% (95% CI: 0%--30.66%) at 5 years for both high ESR and CRP groups (*P*=0.0002, [Figure 2](#f2-tcrm-14-1719){ref-type="fig"}).

Discussion
==========

This comparative study revealed that preoperative elevated ESR and CRP may increase the rate of PJI in patients with OA following TKA. Patients with preoperative elevated ESR and CRP had a higher rate of PJI compared to those with preoperative normal ESR and CRP or with either high ESR or CRP at our institution. The study enrolled only OA patients and excluded possible preoperative factors that would increase the rate of PJI. Additionally, the types of anesthesia among the study were different between groups. However, the effect estimates did not change significantly after adjusting all confounders including anesthesia types. Studies have also shown that the use of different anesthesia types (general vs neuraxial anesthesia) is not associated with an increased rate of surgical site infection in patients undergoing total joint arthroplasty.[@b25-tcrm-14-1719]

In this study, we used preoperative ESR or CRP level to predict PJI rate in patients with OA undergoing primary TKA. We found patients with preoperative elevated ESR and CRP had an increased cumulated rate of PJI at 1 and 5 years. The early onset infection may be due to a more significant change of intraarticular immunological environment that is prone to pathogenic bacteria. One previous study used preoperative ESR and CRP to predict the postoperative complications in primary TKA.[@b13-tcrm-14-1719] The author concluded that preoperative CRP and ESR analyses before elective TKA could not predict postoperative 90-day complications, including myocardial infarction, arrhythmia, pulmonary embolism, wound infection, acute renal failure, and reoperation. The reason for an increased risk of the late-onset infection in patients with high serum ESR and CRP levels prior to TKA is unknown. The rationale may be that such patients are poor-condition hosts who are more vulnerable to a hematogenous infection.

It has been shown that ESR and CRP levels can be influenced by, for instance, sex, age, and BMI.[@b26-tcrm-14-1719]--[@b28-tcrm-14-1719] They also tend to be significantly raised in patients with infections, malignancies, or inflammatory diseases. In our study, these demographic factors were compared between groups, and the above diseases were excluded. Recent reports reveal that ESR and CRP are slightly elevated in OA. Hanada et al[@b19-tcrm-14-1719] reported that CRP level was useful for assessing knee OA in early stages, but not in severe stages. ESR and CRP may increase in the presence of clinical symptoms such as tenderness, swelling, and patellar ballottement.[@b29-tcrm-14-1719] We considered whether the elevated inflammatory markers affect the postoperative rate of infection. To the best of our knowledge, there is no study on this topic, except for 1 abstract in 2013 AAOS/AAHKS.[@b30-tcrm-14-1719] In this abstract, the author found elevated ESR in 38.5% and CRP in 26.9% of 94 patients.

There are many studies on the cause of the elevated ESR and CRP in OA. Some researchers suggested that inflammatory mediators produced by intraarticular tissues caused the elevation of ESR and CRP levels.[@b31-tcrm-14-1719],[@b32-tcrm-14-1719] Saxne et al[@b33-tcrm-14-1719] indicated the inflammation might possibly change the sensitivity of the cartilage to low-grade trauma in the early stage of OA. Through case history inquiries, we found that several patients had received intraarticular therapies in the case group. Some papers have reported injections prior to TKA were associated with increased risks of PJI.[@b34-tcrm-14-1719] Cancienne et al[@b35-tcrm-14-1719] used a national database to explore if there was an association between preoperative intraarticular knee injection at various time intervals prior to ipsilateral TKA and infection. Therefore, intraarticular injections may cause direct inoculation or hematogenous seeding of bacteria into knee joints, or activation of quiescent infection by the injected steroid, which lead to intraarticular inflammatory responses and elevated ESR and CRP levels.[@b36-tcrm-14-1719],[@b37-tcrm-14-1719]

Several limitations of the current study should be considered. First, the design was retrospective and certain biases of retrospective study could not be avoided. Second, only 4 patients developed a PJI in both high groups during the follow-up, which might be an insufficient sample size for identification of association between both high serum ESR and CRP levels and the development of PJI. However, the effect estimates were consistent in both univariate and multivariate analyses despite the wide 95% CI. Further study should focus on investigating these relationships using a larger cohort. Third, the results were from a single institution. Last but not the least, patients with high serum ESR and CRP levels might have certain surgical contraindications. However, we informed the risk of infection to the patients and adapted every prophylactic method, including standard prophylactic antibiotics. Furthermore, we used antibiotic-loaded bone cement to prevent infection after TKA.

Conclusion
==========

This study demonstrated preoperative elevated serum ESR and CRP level was a significant independent risk factor for PJI. We suggest that obtaining serum ESR and CRP data is necessary prior to primary TKA, and surgeons should be aware of this risk stratifying patients.
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###### 

Patient demographics based on the grouping of ESR and CRP values

                                 Both normal   Either high   Both high   *P*-value
  ------------------------------ ------------- ------------- ----------- -----------
  Number of patients             140           108           32          
  Age, year (mean ± SD)          65.2±7.3      65.1±7.9      62.8±8.9    0.310
  Female, n (%)                  76 (54.3)     59 (54.6)     19 (59.4)   0.868
  BMI, kg/m^2^ (mean ± SD)       27.8±3.1      27.9±3.6      27.2±4.3    0.543
  Diabetes mellitus, n (%)       22 (15.7)     16 (14.8)     5 (15.6)    0.980
  Current smoking, n (%)         4 (2.9)       4 (3.7)       2 (6.2)     0.644
  Prior joint injection, n (%)   56 (40.0)     44 (40.7)     11 (34.4)   0.805
  ESR, mm/h (mean ± SD)          15.4±6.6      33.9±20.8     48.4±13.0   \<0.001
  CRP, mg/dL (mean ± SD)         5.0±2.3       18.7±22.4     41.0±28.1   \<0.001
  Anesthesia type, n (%)                                                 0.021
  General                        128 (91.4)    98 (90.7)     24 (75.0)   
  Regional                       12 (8.6)      10 (9.3)      8 (25.0)    

**Abbreviations:** BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

###### 

Univariate and multivariable logistic regression analysis

                            Nonadjusted HR (95% CI)   *P*-value   Adjusted HR (95% CI)   *P*-value
  ------------------------- ------------------------- ----------- ---------------------- -----------
  Both normal ESR and CRP   Ref                                   Ref                    
  Either high ESR or CRP    1.34 (0.08--21.48)        0.835       1.21 (0.07--20.00)     0.893
  Both high ESR and CRP     16.88 (1.88--151.2)       0.012       18.5 (1.86--184.1)     0.013

**Note:** Adjusted for age, sex, BMI, diabetes, smoking, prior joint injection, and anesthesia type.

**Abbreviations:** BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
